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Airworthiness Standards; Bird Ingestion 

AGENCY: Federai Aviation Administration (FAA), DOT. 

ACTION: Final rule. 

SUMMARY: This amendment revises the bird ingestion type certification standards for a&aft turbine 

engines to better address the actual bird threat encountered in service. This amendment also estabi.ishes 

nearty uniform bird ingestion standards for a&raft turbine engines certified by the United States under 

FAA standards and by the Joint Aviation Authorities (JAA) countries under JAA standards, thereby 

simplifiing ainvofthiness approvals for import and export.. 

EFFECTNE DATE(S): IInsert dote 90 days alter date of publication in the Federal Register.] 

FOR FURTHER INFORMATION CONTACT: Marc Bouthillier, Engine and Propeller Directorate, 

Engine and Propeller Standards Staff, ANE-110, Federal Aviation Administration, New England Executive 

Pa& Burlington, Massachusetts 01803-5299; telephone (781) 238-7120; facsimile (781) 238.7199. 

SUPPLEMENTARY INFORMATION: 

An electronic copy of this document may be downloaded using a modem and suitable 

communications software from the FM regulations section of the FedWorld electronic bulletin board 

service (telephone: (703) 3213339) or the Government Printing OflIce’s (GPO) electronic bulletin board 

service (telephone: (202) 5 124661). ? 
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Internet users may reach the FAA’s web page at http://www. faa.gov/avr/arm/nprm/nprhtm or 

the GPO’s web page at http://www.access.gpo.gov/nara for access to recently published rulemaking 

documents. 

Any person may obtain a copy of this document by submitting a request to the Federal Aviation 

Administration, Office of Rulemaking, ARM-l, 800 Independence Avenue SW., Washington, DC 20591, 

or by calling (202) 267-9680. Communications must ident.@ the amendment number or docket number of 

this final rule. 

Persons interested in being placed on the mailing list for future rulemaking documents should 

request tirn the above office a copy of Advisory Circular No. 1 l-2A, Notice of Proposed Rulemaking 

Distribution System, which describes the application procedure. 

Small Burinesr Regulatory Enforcement Fairne~ Act 

The Small Business Regulatory Enforcement Fairness Act (SBREFA) of 1996, requires the FM 

to comply with small entity requests for information or advice about compliance with statutes and 

regulations within its jurisdiction Therefore, any small entity that has a question regarding this document 

may contact their local FAA official. Internet users can find additional information on SBREFA on the 

FAA’s web page at htttx//v+ww.f&a.nov/avr/arm/sbrefa.htm and may send electronic inquiries to the 

following Internet address: SAWA-SBR.EFA6lfaa.P. 

Background 

Statement of the Problem 

In 1976, tk National Transportation Safety Board (NTSB), in response to an accident involving a 

wim aired that may have experienced multiple bird ingestion into the engines, issued Safety 

Recommcrrdatioo A-7644, mxmmendhg that the FAA, “amend 14 CFR 33.77 to incremthemaximum 

number of birds in the various size categories required to be ingested into turbine engines with large inlets” 

Safety Recommendation A-7644 also statal, “&se increased numbers and sizes should be consistent with 

the birds ingested during service experience of these engines.” In response to the recommendation, the 

FM sponsored an industry wide study of the types, sizes, and quantities of birds that had been ingested 
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into aircraft turbine engines of all sizes, and the resulting affects on engine performance. Subsequently, the 

FAA requested that the Aerospace Industries Association (AIA) analyze the da& and report back to the 

FAA. Based on the AIA report, the FAA determined the actions to be taken, as well as the disposition of 

the NTSB safety. recommendation A-7644. The FM concluded that the regulations contained in 9 33.77 

should be modified to increase the severity of the bird ingestion testing requirements regarding large, high 

bypass ratio engines. In addition, the FM found that it should update the design and testing requirements 

for all engine sizes to reflect the actual numbers and bird sizes being ingested. This effort was adopted as a 

part 33 and Joint Aviation Regulations for engines (JAR-E) harmonization project and was selected as an 

Aviation Rulemaking Advisory Committee (ARK) project. 

There are three separate data collection efforts within the industry study. The largest and most 

comprehensive collection is the data for large commercial transport engines with fan diameters between 80 

and 100 inches and spanning a time period from entry into service through 1987. This collection includes 

FM sponsored contracts which are summa&4 in report number DoT/FAAKT-84/13, dated September 

1984. A less extensive collection effort involving engines with inlet areas less than 1000 square inches was 

also performed. Data for this class of engine is less comprehensive in that it involves reporting fkom a very 

diverse a&aft operator base including General Aviation operators as well as some commuter and part 121 

opera& The third collection effort was an extension of the fkt, but includes only data for ingestion of 

birds weighing greater than 2.5 pounds, for the time period from entry into service through September 1995 

for large commercial traqort engines with fkn diameters 60 inches and larger. 

The results of the Grst two data collections were compared to the historical design standards and 

certification bases for the &mily of engines comprised in the database. The study group identifxd bird 

ingestion threats both more and less severe than were addrtsscd in either engine design practices of the 

time, or in part 33. A proposal for a change in the medium bird ingestion rules was presented by the AIA 

to the FM in AIA report dated October 17,1986. 

The FM then asked for expansion of the database to include both heavier birds and coordination 

of the data and proposed rules with the Eurqxan Association of Aerospace Industries (AECWA). This 
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coordination effort included consensus between the two industq groups on the completeness and accuracy 

of the data, and validation of the analytical approach by independent statisticians from Allied Signal, 

Boeing, General Electric, Pratt & Whitney, Rolls-Royce, and Snecma The AIA and AECMA delivered a 

report to the FAA on November 10, 1988. This data collection has become known as the “AIA database.” 

The substance of the latter report is a primary basis for the current NPRM. 

Three additional bird ingestion studies were contracted by the FM to corroborate the findings of 

the collections described above. The results of these studies may be found in reports numbered 

DOT/FAA/CT-90113, “Stt&y of Bird Ingestions Into Small Inlet Area Aircraft Turbine Engines,” dated 

December 1990, DOT/FAA/CT-9 l/ 17, “Bird Ingestion Into Large Turbofan Engines,’ dated May 1992, 

and DGT’/FAA/cT~91/32, “Engine Bird Ingestion Experience of the Boeing 737 Aircraft - Expanded Dam 

Base”, dated July 1992. The data contained in these reports supports the data summaries of the related 

industry studies. 

Subsequently, a further review of the data for birds heavier than 2.5 pounds (lb) was requested of 

industry by the FM and JAA The resulting data is contained in an ADVAECMA report dated March 29, 

19% which includes all relevant reports of bird ingestions for commercial transport engines with Ean 

diameters 60 inches and greater, for the time period from entry into service through September 30,1995. 

Aviation Rulemaking Advisors (A&K) Proia$ 

In December 1992, the FM requested the ARAC to evaluate the need for new bird ingestion 

standards. The task in turn, was assigned to the Engine Harmonization Working Group (EHWG) of the 

ARAC on Transport Airplaneand Engine (TAE) Issues on December 11,1992. On April 9, 1997, the TAE 

issuesgrouprccommmdai to the FM that it proceed with rulemaking and associated advisory material 

even though o# working group member disagreed with a portion of the proposal. The FM published a 

notice of proposed &making @IPRM) on December 11, 1998 (63 FR 68636). This rule reflects the 

AIUC recommendations. 

Discussion of Comments 

All interested persons have been afforded an opportunity to participate in this rulemaking Due 

consideration has been given to all comments contained in the nine comment letters received, which 



represent domestic and foreign industry, and foreign airworthiness authorities. Nine comments generally 

supported publication of the rule as a benefit over the existing regulations. 

One commenter notes that the companion Advisory Circular (AC) has not been published for 

comment. 

The FM agrees in part. An extensive AC has been drafted that provides one method, but not the 

only method, for showing compliancewith this new rule for bird ingestion The FM expects that the AC 

will be available for comment prior to the effective date of the new rule. The FM does not agree that this 

final rule should be delayed pending completion of that AC. 

Two commenters state that the safety intent and justification of the proposed rule should be 

CliUifid. 

The FM disagrees. The NPRM preamble clearly states that the objective of the proposed rule is 

to provide a freedom from risk of hazard due to bird ingestion at least equal to ten to the minus eighth 

power (lE-8) per aircraft cycle. The objective is Gut&r defined for single large birds and both small and 

medium flocking birds. Justification for various aspects of the rule is given throughout the preamble 

section of the NPRM. 

Several comments were received concerning bird control programs at airports. One commenter 

states that additional actions arc naxsary to better control bird populations on and around airports Two 

commenters state that airport bird control programs and flight crew awareness training are not effective in 

mitigating the bird threat, and should not be considered relative to this rulemaking One commenter states 

that airport bird control prom and flight crew awareness training programs are generally being 

The FM disagtets that airport controls programs and flight crew awareness training are 

ineffective in mitigating the bird ingestion threat The FM believes airport bird control programs are 

effective in mitigating the bird ingestion threat on and around airports It must be noted that the overall 

bird ingestion experience base of commercial aircraft is a combination of a&raft capability, airport and 

environ controls, air tra!Bc control, and flight crevv awareness. Only by a combination of efforts will the 

bird ingestion threat to aimraft be kept to acceptable levels. It should be noted that the proposal did not 
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specifically consider airport controls, air trafiic controls, or flight crew effects in the &sign of the tie, 

other than assumin g current levels of effectiveness will be maintained Also, airport wildlife controls 

themselves are beyond the scope of this rulemaking effort. 

It should also be noted that the FM has recently published a number of policy and guidance 

related documents pertaining to airport wildlife control plans, land use practices, and aircraft bird strike 

~prting The FM also participates in various government and industry focus groups related to wildlife 

hazards on and around airports, maintains a bird strike &abase, and has contracted with the Smithsonian 

institution to provide a service to ident.@ and size birds involved in a&raft strike events. As a result of 

these efforts, the emphasis on wildlife hazard identification and control measures is expanding industry 

Wide. 

One commenter states that fan blade containment after a bird ingestion event is a concern, 

The FM agrees in part. The FM agrees that containment of Wdous fragments after a bird 

strike present a serious concern, however conknment requirements are beyond the scope of this 

rulemaking effort The proposed rule, for large, small and medium birds has the same requirement, 

meaning the applicant must show that release of hazardous fragments through the engine casing following a 

bird s&r&e is precluded. Also, # 33.19 requires that the energy levels and trajectories of fragments resulting 

from rotor blade failure that lie outside the engine cases must be defined (e.g., tkagments exiting through 

inlet struc~~). The FM does not agree, however, that this concern warrants delay in issuing this final 

rule. 

One commenta states that a full flight engine confguration should be utilized for certifkation 

test& 

‘Ib FM SPECS in principle. The test engine configuration must be fully representative of a type 

design engine ins&r as bird ingestion requirements are concerned. Also, it is standard practice to use 

flight type inlets, cowls, and primary nozzles, or equivalents for these tests. The use of such flight type 

aircrd components are needed to evaluate the energy and trajectory of fragments which lie outside the 

engine type design cases, No changes to the proposed rule are required since compliance with the 

requirements will dictate the use of appropriate inlet and cowl ha&vare for any given design. 
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One commenter states that a lo-percent tolerance band on certification test controlling parameters 

is excessive. 

The FAA does not agree. The IO-percent tolerance band addresses the Critical Ingestion 

Parameter (UP), which is the parameter for a particular bird ingestion scenario that is most critical relative 

to the pass/fail criteria contained in the rule. The other controlling parameters must be maintained such that 

the CIP itself does not vary more then lo-percent. In practice, most controlling parameters can be 

maintained to a relatively tight tolerance, and this practice will not change. The AC will contain further 

guidance on one method, but not the only method, to show compliance with this requirement 

One commenter states that the makeup of the rulemaking database is not clearly described within 

the NPRM. 

The FM agrees in part. The database could be described in more detail. The database is made up 

of known revenue-service engine bird ingestion events from the time period from entry into service through 

September 1995. Data collections included International Civil Aviation Organ&ion (ICAO) data, 

aihme manufacturer data, engine manufacturer data, FM data, and any other data presented that could 

be cross referenced to an actual engine ingestion. The data comes from a cross section of engine types, and 

for transport category aircraft engines it encompasses approximately 90 million a&x-aft flights. The data 

points utilized arc those which were identifkd as actual engine ingestion events, where an engine ingestion 

event was defkd as the presence of bird debris within the engine inlet or engine flow paths Bird debris 

was defined as feathers, flesh, or body fluids that could be identified as having come from a bird 

Techniques used for identifkation of debris were visual identification of feathers, forensic laboratory 

methods, ad black ligh! identification of body fluid smears on the engine inlet flow path and engine 

SWQUC. If the evkkncc positively indicated an ingestion, but a positive identikation of the bird species 

could not be made, the data was awed as an ingestion without an associated weight. Data representing 

birdstrikestotheakcraftstnrcture (other than engines) was not utilized in the design of this rule. Simple 

bird species distribution data (i.e., population and size distributions omuringinnature)wasakonot 

utilized in the design of the rule. 



A series of bird ingestion data collection efforts, as described above, collatd data for a variety of 

engine sizes and types. Three parameters were estimated from the data collection for events where the bird 

size, bird typ, aircmfI model, engine model, flight regime, and outcome where reasonably known. These 

were the single engine ingestion rate versus bird weight; multiple engine ingestion rate versus bird weight; 

and the ratio of the number of engine power loss events to the number of ingestion events versus bird 

weight. The probability of a dual engine power loss on a twin engine aircraft was computed by multiplying 

the square of the power loss rafio by the multiple engine ingestion rate for twin engine positions. Twin 

engine positions were defined as the inboard positions on four engine airplanes, the wing positions of three 

engine airplanes, and the wing positions on two engine airplanes. For the purpose of the above data 

reduction, a power loss was defined as SO-percent or more loss of power or thrust. The data was collected 

and evaluated in a manner which would provide a good representation of the bird ingestion threat to aircraft 

engines in service during that time period. 

The FM does not agree, however, that the description of the database contained in the NPRM 

was deficient, or that this final rule should be delayed 

Two commenters state that this ruiemaking database does not reflect actual service experience, 

and is not accurate or complete. 

The FM disagrees. As discussed in the paragraph above, the rulemaking database is comprised 

of data from actual engine bird ingestion events where the bird species, bird size, bird number, a&aft 

model, engine model, regime of flight, and outcome where all reasonably known. Also as noted above, for 

transport category aircraft engines, the dabbase reflects known bird ingestion events encompassing 

approximately 90 million air&t flights of experience covering a broad cross-Section of aircraB types. 

This rulemaking &abase is a good representation of what aircraft engines have actually experienced over 

the past 25 years. Lastly, since this is the actual experience of the fleet, it also includes whatever effects 

there might be Corn incread bird populations in this time period. 

bird massandflocksize,arelessseverethanoccurinnaturt. 

One commenter states that recent events have shown thatthe Proposed relative to 
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The FM agrees in part. Events can occur that are beyond the severity of the proposed 

requirements. This was stated in the NPRM preamble. The proposed rule was not designed to encompass 

the worst possible combination of all factors, as this is impossible to predict, and would be beyond the 

capability of current engine technology. The FM believes the proposed requirements are reasonable 

relative to the stated goal of reducing the bird threat hazards to aircraft by an order of magnitude. It should 

also be noted that a number of new engine models have been designed and evaluated to these proposed 

standards, and have generally performed well in revenue service. 

The FM does not agree that the possibility of a bird ingestion event more severe than already 

contemplated in the proposed rule should warrant a delay in issuing a final rule. 

One commenter states that there has been significant growth in some bird populations over the 

past 10 years. 

The FM agrees in part. The FAA acknowledges that certain species of birds have experienced 

significant population and distribution increases over the past several years, and should be monitored for 

any effect on the bird threat to a&aft operations The FM does not believe, however, that this warrants a 

delay in issuing this final rule 

Two commenters state that this rulemaking dambase focused only on past experience, and made 

no attempt to predict future changes to the bird threat. 

The FM agrees in part. While this rulemaking &abase focused only on actual events which 

have occurred in revenue service, the rule was not designed to meet predicted future changes in the bird 

threat environmen& The FM believes it would be impossible to accurately predict threat changes, more or 

less ~II severity, as the overall experience base is a firnction of bird population, bird distribution, aircraft 

capability, en* capability, airport and airport environmentai control measures, air traflic control 

opexatimai requirements, air tmflk control alert reports, and flight crew awareness. The FM believes it is 

impossible to integrate these various factors into an accurate prediction of bird threat changes suitable for 

rulemaking and believes that the possibility of such changes does not warrant de&y in issuing this final 

rule. However, the FM agrees that the factors noted above should be reviewed at periodic intend to 
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assure that the bird ingestion certification standards are adequate to meet the overall &eat of bird 

ingestion, and that no individual factor is allowed to worsen to a simcant degree. 

One commenter states that the large bird requirement should be 12-15 lbs. 

The FAA does not agree. While birds larger in size than the standard for “large birds” in the 

proposed rule can occur in revenue service, a review service data indicates that the proposed sliding scale 

(4-8 lbs. as a finction of inlet area) for the single large bird requirement is reasonable relative to the stated 

goal of reducing the hazards to aircraft by an order of magnitude. The FM does not agree the large bird 

standard needs to be changed. 

One commenter states that the proposed requirement for 8 33.76(c)(2) needs to be revised to allow 

the use of certifkation data from pervious programs. 

The FM disagrees. It is not necessary for a rule to contain language allowing the use of existing 

certification data Any certifkation data held by the applicant may be utilized provided that the data is 

applicable to the product in question, and approved by the FM. The AC will contain a discussion on what 

sources of data could be acceptable for the purpose of compliance findings. 

One commenter states that the proposed requirements for 00 23.903 and 25.903 are not clear. 

The FM disagrees. The text changes were required only to provide reference to the new 6 33.76, 

and uses the same format as the previous rule. 

One commenter states that the proposed requirements for @j 23.903 and 25.903 will allow 

inappropriate use of previous engine bird ingestion certification requirements instead of new 8 33.76 when 

determining engine model eligibility for new a&aft applications. 

The FM diam The propsat text is consistent with cuftent 80 23.903 and 25.903, and 

aiiows flexibility for instaUatioa of prc 0 33.76 certification basis engines into new airc& applications at 

the FAAs discretion The FM believes it would be inappropriate to preclude by regulation the installation 

of pre 0 33.76 engines which have demonstrated acceptable bird ingestion capabilities in revenue service. 

For transport category aircraf?, the existing requirements under 88 21.2 l(b)(2), 25.903(a), and 

25.1091(d)(2)/(e) have been identified as providing for the evaluation of proposed installations relative to 



bird ingestion service history. The FAA will review the application of these regulations to assure that they 

provide for the necessary level of evaluation of any proposed installation utilizing pre 5 33.76 model 

air- engines. Lastly, as part of this review, it was observed that current 6 25.109 1 must be revised to 

include an appropriate reference to the new requirements of 6 33.76. Therefore, 

8 25.1091 is also revised by this final rule action 

One commenter states that the FM air t&k control (ATC) operational procedures are now 

allowing high speed operations below 10,000 ft. altitude, and this should be considered with respect to 

these bird ingestion requirements. 

The FM agrees in part. This rule is based on the expectation that the majority of operations 

below 10,000 A. would be at less than 250 knots. However, studies into changing ATC operational 

procedures have allowed umestricted operation at speeds above 250 knots near some Class B airports, and 

at altitudes where bird encounters are most likely to occur. The new small and medium bird requirements 

are shwtwed to account for higher speeds. However the large bird requirement utilizes a 200-knots default 

bird speed value. Higher aircraft speeds at low altitudes could also result in shallower climb profiles, 

possibly resulting in an a&aft spending more time in a higher risk bird threat environment then previously 

assumed Therefore, the FM will institute a follow-on rulemalcing action to determine whether additional 

changes to the bird requirements are rwesary based on these operational considerat.ions. Also, the FM 

wiii inciu& material in the AC to address this subject relative to the large bird test requirements. The FM 

does not believe, however, that this operational consideration warrants delaying this final rule. 

One commenter m that the NPRM explanation for choosing the 200 knots over a 250 knots 

bird speed value for large bird tests needs clarification 

The FM agrees in pact. For a given turbine engine design, a specific bird speed will provide the 

least margin to the pas&ii criteria of 0 33.76. For critical static structm (e.g., inlet guide vane), the 

higher speed will generally be more severe due to simple momentum transfer at impact. However for 

criticai rotating stages of blades, there will be an optimum bird speed which results in maximum damage to 

that rotating stage. Bird speeds faster or slower then this optimum will result in less severe damage. This 

is due to the combined effects of bird speed, rotor blade tangential velocity, and blxle twist angle. The 



worst case combinati0.n of these factors will result in the highest bird slice mass absorbed by the blade at 

the worst impact angle, and therefore results in the highest blade stresses at the blade’s critical location 

For example, most conventional high bypass turbofan designs will have critical speeds in the 15002200 

knots range, depending upon specific fan blade design characteristics. While the FAA plans further review 

of this aspect of the large bird certification test., the FAA does not believe that this warrants de&y in issuing 

this finai rule. 

Five commenters state that the FM should reconsider the JM position of including a 

requirement addressing intermediate flocking birds greater than 2.5 lbs. 

The FM agrees in part. The FAA agrees to reconsider the overall JM position as part of future 

rulemaking study, and still believes that the Joint Aviation Requirements (JAR) and the FM regulations 

should eventually be harmonized in this regard The FM does not agree, however, that the difference 

between this final rule and the JM’s current position warrants delay in issuing this fInal rule pending 

fiuther !alldy. 

Two commenters state that the FM does not understand the JM position on inkrmediate 

flocking birds. 

The FM disagrees. The FM understands that the rationale for the additional JM intermediate 

flocking bird requirement is to ensure that new engines will have the same level of capability (for flocking 

birds greater than 2.5 lbs.) as current in-service engines have demonstrated. The FM does believe that the 

new requirements of 8 33.76, overall, will provide a fleet of engines of overall increased capability when 

compared to the fleet of engines based on current 8 33.77 requirements. 

Thea coaunenta’s state that the FM and JM should consider alternatives to the JM 

in- flodhg bird requirement of JAR-E 800(b)(2), as it does not meet its stated objective. 

The FM agrees in pan. The FM agrees to participate in a new rulemaking study to develop a 

meaningful alternative to the JAR intermediate flocking bird requirement. The FM does not agree that the 

120percent unbalance requirement of proposed JAR-E 800(b)(2) can be relied upon to achieve the stated 

intent of the JAR-E rule as described. The FM also does not believe that this final rule should be delayed 

pending any study of this issue. 
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Three commenters state that the proposed requirements do not adequately cwer the flocking bird 

range of 2.5-8 lbs. 

The FM disagrees. The proposed requirements have taken into account flocking birds in this 

category based on (1) the historical performance of engines currently in service, and (2) based on the 

overall increased severity of the new requirements. The FAA believes that the new requirements of $ 

33.76, overall, will provide a fleet of engines of increased capability in this regard when compared to the 

fleet of engines based on current 9 33.77 requirements. However, since the flocking bird capability in this 

bird size range may not be directly evaluated for each individual design at the time of certifkation, the 

FM agrees to participate in a new rulemaking study to evaluate this comment fU.her. The FM does not 

agree, however, that this final mle should be delayed pending any study of that issue. 

One commenter states that the proposed requirements meet the flocking bird objectives for 

conventional designs (e.g., for designs which the database directly represents). 

The FM agrees that the rulemaking database and related assumptions which are part of this rule 

are most closely related to the conventional designs which make up the dat&ase. Therefore, for such 

designs, there is a high degree of confidence that this new rule’s stated objective can be met. 

Two commenters state that the proposed requirements may not meet the flocking bird objectives 

for new unconventional design technologies which have no historical data from which to evaluate 

capability. 

The FM agrees in part. The datakse on which this rule Gnds support, is made up of primarily 

conventional &signs, and that the assumptions ma& when developing this rule most closely relate to those 

designs Howeve?, it must be noted that the new 0 33.76 is generally a more severe set of requirements 

then curra# 8 33.77, and that the overall e&ct of the new rule will be a world fleet of increased capability 

w&n compared to the world fleet based on current 8 33.77 requirements. Therefore, the overall rule 

objective of decreasing the risk from bird ingestion events by an order of magnitude will be met at the 

world fleet level. Also, since the new requirements do not include specific test requirements for flocking 

birds greater then 2.5 lbs., the possibility exists for disparities in engine capability from one model series to 

another, reganliess of conventional or unconventional designs. The FM believes it prudent to address this 
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concern by fkrthet review of available service data to determine whether the chosen standards sufliciently 

cover the level of safety desired for this rule, and to assure that the specific level of safety demonstrated by 

each engine model certifkd is acceptable. The FM agrees to participate in a new rulemaking study to 

evaluate this comment fWher, but does not agree that this final rule should be delayed pending that study. 

TWO commenten state that the proposed requirements do not provide any improvement in power 

loss rate over current requirements. 

The FM disagrees. It must be noted that the new $33.76 is generally a more severe set of 

requirements then current 6 3 3.77, and that the overall effect of the new rule will be a world fleet of 

increased capability when compared to the world fleet based on current 6 33.77 requirements, of which 

power loss rate is one m-. 

One commenter states that there is no need for expanded flocking bird requirements beyond this 

The FM agrees that new 0 33.76 will be beneficial to overall world fleet capability. The FM 

also believes, however, that a new review of available data is prudent to evaluate the current state of the 

bird threat in se&c, and that additional rulemaking action could result. 

Two commenters state that a new rulemaking 

standards for runan with flocking birds greater than 2. 5 lbs. 

should be implemented to develop i3dditiOd 

The FM agrees in part. The FM has agreed to undertake a new rulemaking study of related 

topics as discussed in the various paragraphs above, but believes that this final rule should not be delayed 

pending-shrdy. 

Fii, the FM has made the following minor editorial changes to better clarify this rule. These 

changes do not a&t the scope of the rule or change the intent of these sections. 

Section 33.76(a)(2) text was modified slightly to more clearly state the intent of the rule. There 

are no changes to the requirements. 

Section 33.76(b)(4) was revised to more clearly state the intent of the rule, which does not include 

an actuai “waiver” of the large bird requixements as stated in the NPRM, but was intended to speci.@ an 

14 



additional method of showing compliance to these requirements using 6 33.94(a) cetication data when 

appropriate. Therefore the actual certification substantiation requirements of this section are unchanged 

from the NPRM proposal, with the only change being a more accurate description of the compliance option 

under this subsection that is available to the applicant 

It was determined that the title of 0 33.77 should be revised to specify the one remainin g foreign 

object retained within this section (ice), and that for clarity and brevity the table of 6 3 3.77(e) is deleted, 

and the table's remainin g pertinent information is included directly into the text of existing paragraph (e). 

No changes to the requirements have resulted from these additional format changes. 

Section 25.1091 was revised to include reference to 8 33.76. It was determined that the part 33 

references within § 25.1091 needed to be updated to account for this rulemaking action 

After careful review of all the comments, the FM has determined that air safety and the public 

interest require the adoption of the rule with the changes described. 

Paperwork Reduction 

There are no new requirements for information collection associated with this rule that would 

require approval from the Office of Management and Budget pursuant to the Paperwork Reduction Act of 

1995 (44 U.S.C. 3507(d)). 

International Compatibility 

In keeping with U.S. obligations under the Convention on International Civil Aviation, it is FAA 

policy to comply with International Civil Aviation Organization (ICAO) Standank and Recommended 

PiXtkeStotkmaximum extent practicable. The FM determined that there are no ICAO Standards and 

RecoalIw&dRacbices thatcorrespondto these regulations. 

Regulatory Analysu and Aacssmentr 

Changes to Federal regulations must undergo several economic analyses. First, Executive Order 

12866 directs each Federal agency to propose or adopt a regulation only upon a reasoned determination that 

the benefits of the intended regulation justify its costs. Second, the Regulatory Flexibility Act of 1980 

requires agencies to analyze the economic impact of regulatory changes on small entities. Third, the Trade 

15 



Agreements Act (19 U.S.C. section 253 l-2533) prohibits agencies from setting standards that crate 

unnecessary obstacles to the foreign commerce of the United States. In developing U.S. standards, this 

Trade Act also requires agencies to consider international standards and, where appropriate, use them as the 

basis of U.S. standards. And fourth, the Unfunded Mandates Reform Act of 1995 requires agencies to 

prepare a written assessment of the costs, benefits and other effects of proposed or final rules that include a 

Federal mandate likely to result in the expenditure by State, local or tribal governments, in the aggregate, or 

by the private sector, of S 100 million or more annually (adjusted for inflation) 

In conducting these analyses, FM has determined this rule 1) has benefits which do just.@ its 

costs, is not a “significant regulatory action” as defined in the Executive Order and is “si@cant” as 

defined in DOTS Regulatory Policies and Procedures; 2) will not have a significant impact on a substantial 

number of small entities; 3) reduces barriers to international trade; and 4) does not impose an unfunded 

mandate on state, local, or tribal governments, or on the private sector. These analyses, available in the 

docket, are summarized below. 

Re t Pula ow Evaluation Summary 

m -This rule is the result of ARAC recommendations. Moreover, public comments were not 

received on the preliminary economic evaluation Costs of the rule include one-time certification costs and 

recurmt fuel costs due to reduced fan efficiency. The FM estimates that the rule will add S250,OOO to 

S500,OOO to each new engine model’s certification costs, depending on engine inlet area These 

certification costs will be incurred primarily in two areas. First, additional analysis required to verify the 

affects of a large bird impact on the front of the engine could necessitate a component test costing 

$250,000. Second, the rule will require additional analysis or testing on the full fan assembly for engines 

with inlet areas greater than 2,092 square-inches. Such testing is estimated to cost approximately an 

additionai S250,OOO for those engines, 

In addition, the revised bird test weights could necessitate strengthening fan components, thereby 

affecthg f&n performance. The FM estimates that reduced fan efficiency will result in a 0.2percent 

increase in fuel consumption. On average, the FM estimates that this will increase annual fuel costs by 

$4,770 per aitpiane, for airplanes equipped with new engines certificated to the standards of this rule. 
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Benefits-Benefits associated with this rule include: (I) averted fatalities ~IU! injuries, (2) averted 

property damage (primarily hull losses), and (3) reduced maintenance! and repair costs. Based on historical 

accident information, the FM estimates that the expected annual per-airptie benefit from averted airplane 

damage or loss is approximately S657. The expected annual benefit per-airplane from averted fatalities and 

injuries is $654 and S75, respectively. 

The estimated value of maintenancekepair savings associated with the rule is based on an analysis 

of the relationship between bird ingestion weight and the probability of damage. The FM estimates that, 

on average, the rule will save operators approximately $4,654 per airplane per year. 

To compare the lifsycle costs and benefits of the rule, the evaluation utilizes a hypothetical 

representative engine certification The engines are assumed to be installed on a notional twin-engine jet 

transport with a seating capacity of 16 1 (the average seating capacity of jet transports in commercial 

service in 19%). In additioq this analysis assumes the following: (1) incremental engine certificatiotl 

costs equal $250,000 in year 0 and S250,OOO in year 1; (2) production of engines commences in year 2, (3) 

engines are installed in aircraft and enter service beginning in year 3, (4) each engine has a 159year service 

life, (5) 24 engines are produced per year for 10 years so that there are 240 total engines and 120 airplanes 

per certifkation, and (6) the discount rate is 7 percent. Under these conditions, the expected discounted 

benefits, at $4.333 million, exceed the discounted costs of $3906 million 

Remrlatorv Flexibilitv Aa 

The Regulatory Flexibility Act (RFA) of 1980,5 U.S.C. 601-612, directs the FM to fit 

re@atofy requirements to the scale of the business, organizations, and governmental jurisdictions subject 

to the regulation We are required to determine whether a proposed or final action will have a “signilicant 

economic imrrpllr on a substantial number of small entities” as defined in the Act. If we find that the action 

will have a s.ignifI~ impact, we must do a “regulatory flexibility analysis.” 

This final rule will not have a sign&ant economic impact on a substan&l number of small 

entities. The final rule will apply only to newly designed hubine aircraB engines certifkated in the fuhm. 

Each new engine certification could affect two types of small entities: manufacturers of tuzbine engints 

and operators of aimaft. 
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Manufacturers will be required to perform additional analysis or testing to demonstrate that the 

new bird ingestion requirements are met. There are nine turbine aircraft engine manufacturers with 

headquarters in the U.S. (this count includes subsidiaries of foreign entities ‘and consortiums of domestic 

and/or foreign entities). Information available to the FM indicates that only one-a U.S. manufacturer of 

small turbine engines -has less than 1,500 employees, and therefore qualifies as a small business under 

SBA employment criteria One entity is not considered a substantial number by the FAA. If all 

certifkation costs are assumed to be home by the manuf~r, the FM would conclude that with only 

one manufkcturing ikm being classifkd as “small,” there is not an impact on small business. 

In addition, the FM analyzed the small business impact with a tougher criterion The FM 

assumes that all manufacturing costs will be borne by their customers who purchase new equipment, The 

rule is estimated to add about S250,OOO for a small engine type produced by the single small entity: these 

are one-time certification costs. The FM estimates that the rule will impose no incremental manufacturing 

costs. Aimaft operators will incur slightly higher engine prices and will pay increased operating or hel 

costs due to the small decxase in engine efficiency [described in the full regulatory evaluation). According 

to FM da& there arc about 3,000 air carriers having less than 1,500 employees: approximately 100 air 

tiers operating under part 121 (or both part 121 and part 135), and 2,900 air carriers operating under part 

135. 

Assuming conservatively that: (1) All incremental ccrtifW.ion costs are passed on to the 

buyer/operator, (2) the manuEdctura recovers incremental certification costs by applying a uniform price 

increase to engines produced during a lO-year production run, and (3) that the discount rate is 7 percent; 

then the FM es&u&es that average new engine prices will increase by approximately $3,070 per larger 

engine and SW7 pa snab engine. When these costs are amortized over the 15.year life of an engine 

(@4 aJsuming a 7-percent disc0unt rate), the incremental annualized cost per new engine is 

approximately $3 15 and $163 for larger and smaller engines, reqectively. Therefore, assuming a typical 

airplane has two engines, the incremental annualized cost for a large airplane is approximately $630 and the 

incremental annualized cost for a smaller airplane is approximately $326. 
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For larger engines, the rule will also increase annual airplane operating costs as a result of the new 

medium bird ingestion requirements due to higher fuel consumption and. thus, costs. These requirements 

will have a negligible effect on smaller engines. On average, annual operating costs per large airplane, 

with engines newly certificated to the standards of this rule, are estimated to increase by approximately 

$4,770. However, the reduction in average annualized maintenance costs associated with the more 

damage-resistant engines is expected to approximately offset the incremental operating costs. 

Therefore, total annualized costs for operators of larger and smaller airplanes with new engines 

will be approximately $630 and S326 per airplane, respectively. Consequently, the FM certifies that the 

rule will not have a significant economic impact on a substantial number of small entities. 

International Trade 

The Trade Agreement Act of 1979 prohibits Federal agencies from engaging in any standards or 

related activity that create unnecessary obstacles to the foreign commerce of the United States. Legitimate 

domestic objectives, such as safm, arc not considered unnv obstacles. The statute also requirea 

consideration of international standa& and where appropriate, that they be the basis for U.S. stat&t&. In 

addition, consistent with the Administration’s belief in the general superiority and desirability of fkee trade, 

it is the policy of the Administration to remove or diminish, to the extent feasible, barriers to international 

trade, including both barriers affecting the export of American goods and services to foreign countries and 

barriers affecting the import of foreign goods and services to into the U.S. 

Turbine engines arc produced by United States and foreign companies. The FM has assessed the 

potential effect of this rule and has deter&red that it will impose the same costs on domestic and 

internationale&.ies,andwillthushaveaneutraItradeimpact. 

Unfunded Man&es Reform Aq 

TheUnfkxkdManWes Reform Act of 1995 (2 U.S.C. §§1532-1538) requires the FM to assess 

the effects of Federal regulatory actions on state, local, and tribal governments, and on the private sector of 

rules that contain a Federal intergovernmental or private sector mandate that exceeds $100 million in nay 

one year. This action does not contain such a mandate. 
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Executive Order 13132, Federalism 

The FM has analyzed this final tie under the principles and criteria of Executive Order 13 132, 

Federalism. The FM determined that this action will not have a substantial direct effect on the States, or 

the relationship between the national Government and the States, or on the distribution of power and 

responsibilities among the various levels of government Therefore, the FM has determined that this final 

rule does not have federalism implications 

Plain Language 

In response to the June 1,1998, Presidential Memorandum regarding the use of plain language, 

the FM reexamined the writing style currently used in the development of regulations. The 

memorandum requires f&eraI agencies to communicate clearly with the public. We are interested in your 

comments on whether the style of this document is clear, and any other suggestions you might have to 

improve the clarity of FM communications that affect you. You can get more information about the 

Presidadal memorandum and the plain language initiative at httn://www.nknkinguage.~. 

Environmental Analysir 

FAA Order 105O.lD defines FM actions that may be categorically excluded from preparation of 

a National Environmental Policy Act (NEPA) environmental assessment or environmentai impact 

statement. In accordance with FAA Order 1050. lD, appendix 4, paragraph 4(j), this rulemaking action 

qualiks for a categorical exclusion 

Energy @pact 

The~impedafthenoticehasbetnasscsscdinaccordanctwiththcEnergyPolicyaad 

Corscnakm Act (EPCA) P.L. 94-163, as amended (43 U.S.C. 6362) and FM Order 1053.1. It has been 

determined thar tbc fiuai rule is not a major regulatory action under the provisions of the EPCA 

List of Subjecta in 14 CFR Part 23 

Air transportation, Akraft, Aviation safety, Safety. 
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List of Subjects in 14 CFR Part 25 

Air transportation Aim& Aviation safety, Safety. 

List of Subjects in 14 CFR Part 33 

Air transportation, AimafI, Aviation safety, Safety. 

The Amendment 

In consideration of the foregoing, the Federal Aviation Adminishation amends parts 23,25 and 33 

of Title 14, Code of Federal Regulations as follows: 

PART 23- AIRWORTHINESS STANDARDS: NORMAL, UTILITY, 

ACROBATIC, AND COMMUTER CATEGORY AIRPLANES 

1. The authority citation for part 23 continues to read as follows: 

Authority: 49 U.S.C. 106(g), 40113,44701,44702,44704. 

2. Section 23.903 is amended by revising paragraph (a)(2) to read as follows: 

9 23.903 Engines, 

(a) * l * 

(2) Each turbine engine and its installation must comply with one of the following: 

(i) Sections 33.76.33.77 and 33.78 of this chapter in effect on 

[insert the efictiw date offinor rule), or as subsequently amended; or 

(ii) sedi~n~ 33.77 and 33.78 of this chapter in effect on April 30, 1998, or as subsequently 

amended Wore [insert the eflctive date ofjnal de); or 

(iii) Section 33.77 of this chapter in effbct on October 3 1, 1974, or as subsequently amended 

before April 30.1998, unless that engine’s foreign object ingestion sewice history has resulted in an de 

condition; or 
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(iv) Be shown to have a foreign object ingestion service history in similar installation locations 

which has not resulted in any unsafe condition 

4’ 4’ 4’ l l 

PART 2S - AIRWORTHINESS STANDARDS: TRANSPORT CATEGORY 

AIRPLANES 

3. The authority citation for part 25 continues to read as follows: 

Authority: 49 U.S.C. 106(g), 40113,44701,44702,44704. 

4. Section 25.903 is amended by revising paragraph (a)(2) to read as follows: 

5 25.903 Ennines, 

(a) l 
* l 

(2) Each turbine engine must comply with one of the following: 

(i) sections 33.76,33.77 and 33.78 of this chap&z in effect on [insert efictive date of’nul mk), 

or as subsequently amended; or 

(ii) Sections 33.77 and 33.78 of this chapter in ef%ct on April 30, 1998, 

or as subsequently amended before [insert effectbe date offinal rule]; or 

(iii) Comply with 5 3 3.77 of this chapter in effect on October 3 1, 1974, or as subsequently 

amended prior to April 30, 1998, unless that engine’s foreign object ingestion service history has resulted 

in an de condition; or 

(iv) Be shown to have a foreign object ingestion service history in similar installation locations 

which has not redtai in any de amdition 

5. Section 25.109 1 is amended by revising paragraph (e) to read as follows: 

5 25.1091 Air Induction, 

22 



+ * * l l 

(e) If the engine induction system contains parts or components that could be damaged by foreign 

objects entering the air inlet it must be shown by tests or, if appropriate, by analysis that the induction 

system design can withstand the foreign object ingestion test conditions of §§ 33.76, 33.77 and 33.78(a)(l) 

of this chapter without failure of patts or components that could create a hazed 

PART 33 - AIRWORTHINESS STANDARDS: AIRCRAFT ENGINES 

6. The authority citation for part 33 continues to read as follows: 

Authority: 49 U.S.C. 106(g), 40113,44701,44702,44704. 

7. Section 33.76 is added to read as follows: 

4 33.76 Bird Intxstion, 

(a) General. Compliance with paragraphs (b) and (c) of this section shall be in accordance with 

the following: 

(1) All ingestion tests shall be conducted with the engine stabilized at no less than MO-percent 

takeoff power or thr~$ for test day ambient conditions prior to the ingestion. In addition, the 

demonstration of compliance must account for engine operation at sea level takeoff conditions on the 

hottest day that a minimum engine can achieve maximum rated takeoff tluust or power. 

(2) The engine inlet throat area as used in this section to determine the 

bird quantity and weights will be established by the applicant and identified as a limitation in the 

-oninstnrctionarcquiralundcr~ 33.5. 

(3) TIE impact to the front of the engine from the single large bird and the single largest medium 

bird which can enter the inlet must be evaluated. It must be shown that the associated components when 

struck under the conditions prescribed in paragraphs (b) or (c) of this section, as applicable, will not af%xt 

the engine to the extent that it cannot comply with the requirements of paragraphs (b)(3) and 

(c )(6) of this section. 
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(4) For an engine that incorporates an inlet protection device, compliance tith this section shall 

be established with the device fknctioning. The engine approval will be endorsed to show that compliance 

with the requirements has been established with the device firnctioning. 

(5) Objects that are accepted by the Administrator may be substituted for birds when conducting 

the bird ingestion tests required by paragraphs (b) and (c) of this section 

(6) If compliance with the requirements of this section is not established, the engine type 

certifkation documentation will show that the engine shall be limited to a&raft instailations in which it is r 

shown that a bird cannot strike the engine, or be ingested into the engine, or adversely restrict airflow into 

the engine. 

(b) Large birdS, Compliance with the large bird ingestion requirements shall be in accordance 

with the following: 

(1) The large bird ingestion test shall be conducted using one bird of a weight determined from 

Table 1 aimed at the most critical exposed location on the fkst stage rotor blades and ingested at a bird 

speed of 2000knots for engines to be installed on airplanes, or the maximum aiqeed for normal rotorcrafI 

flight operations for engines to be installed on rotor&k 

(2) Power lever movement is not permitted within 15 seconds following ingestion of the large 

bird. 

(3) Ingestion of a single large bird tested under the conditions prescribed in this section may not 

cause the engine to: 

(i) Catch k, 

(ii) Rckaae hazardous fragments through the engine casing; 

(iii) Generate loads greater than those ultimate loads specitkd under 

5 33.23(a); or 

(iv) Lose the ability to be shut down. 
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(4) Compliance with the large bird ingestion requirements of this paragraph may be shown by 

demonstrating that the requirements of 6 33.94(a) constitute a more severe demonstration of blade 

containment and rotor unbalance than the requirements of this paragraph. 

Table 1 

Large Bird Weight Requirements 

Engine inlet Throat Area (A) 

Square-meters (square-inches) 

Bird Weight kg. (lb.) 

1.35 (2,092)> A 1.85 (4.07) minimum, unless a smaller bird is 

determined to be a more severe demonstration. 

1.35 (2,092)s A< 3.90 (6,045) 

3.90(6,045)< A 

(c) Small and medium birds, Compliance with the small and medium bird ingestion requirements 

shall be in accordance with the following: 

(1) An&y& or component test, or both, acceptable to the Administrator, shall be conducted to 

dct~rmine the critical ingestion parameters afkcting power loss and damage. Critical ingestion parameters 

shall include, but are not limited to, the afkts of bird speed, critical target location, and first stage rotor 

speed. The critical bird ingestion speed should reflect the most critical condition within the range of 

aiqeeds used for normal flight operations up to 1,500 feet above ground level, but not less than VI 

minimum for ai@nes. 
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(2) Medium bird engine tests shall be conducted so as to simulate a flock encounter, and will use 

the bird weights and quantities specified in Table 2. When only one bird is specified, that bird will be 

aimed at the engine core primary flow path; the other critical locations on die engine face area must be 

addresxd, as necessary, by appropriate tests or analysis, or both When two or more birds are specified in 

Table 2, the largest of those birds must be aimed at the engine core primary flow path, and a second bird 

must be aimed at the most critical exposed location on the first stage rotor blades. Any remaining birds 

must be evenly distributed over the engine face area 

(3) In addition, except for rotorcraft engines, it must also be substantiated by appropriate tests or 

analysis or both, that when the 111 fan assembly is subjected to the ingestion of the quantity and weights of 

birds tirn Table 3, aimed at the fan assembly’s most critical location outboard of the primary core 

flowpath, and in accordance with the applicable test conditions of this paragraph that the engine can 

comply with the acceptance criteria of this paragraph 

(4) A small bird ingestion test is not required if the prescribed number of medium birds pass into 

the engine rotor blades during the medium bird test. 

(5) Small bird ingestion tests shall be conducted so as to simulate a flock encounter using one 85 

gram (0.187 lb.) bird for each 0.032 square-meter 

(49.6 square-inches) of inlet area, or fraction thereof, up to a maximum of 16 birds The birds will be 

aimed so as to account for any critical exposed locations on the first stage rotor blades, with any remaining 

birds evenly distributed over the engine face area 

(6) Ingestion of small and medium birds tested under the conditions prescribed in this paragraph 

maynotcalBcanyofthcfouowing: 

(i) More ti a sustai& 2S-percent power or thrust loss; 

(ii) Theenginetobeshutdownduring the 

mphs (c)(7) or (c)(8) of this section; 

required run+n demonstration 

@ q (Sid 

prescribed in 

(iii) The conditions defined in &paragraph (b)(3) of this section 
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(7) Except for rotorcraft engines, the following test schedule shall be used: 

(i) Ingestion so as to simulate a flock encounter, with approximately 

1 second elapsed time from the moment of the first bird ingestion to the last. 

(ii) Followed by 2 minutes without power lever movement after the ingestion. 

(iii) Followed by 3 minutes at 75-percent of the test condition 

(iv) Followed by 6 minutes at 6Oqxrcent of the test condition 

(v) Followed by 6 minutes at 400percent of the test condition. 

(vi) Followed by 1 minute at approach idle. 

(vii) Followed by 2 minutes at 750percent of the test condition 

(viii) Followed by stabilizing at idle and engine shut down. 

The durations specified are times at the defined conditions with the power lever being moved between 

condition in less than 10 seconds. 

(8) For rotorcxaft engines, the following test schedule shall be used: 

(i) Ingestion so as to simulate a flock encounter within approximately 

1 second elapsed time between the first ingestion and the last. 

(ii) Followed by 3 minutes at 750percent of the test condition 

(iii) Followed by 90 seconds at descent flight idle. 

(iv) Followed by 30 seconds at 75.percent of the test condition. 

(v) Followed by stabilizing at idle and engine shut down. The duration specified are times at the 

defined conditions with the power being changed between each condition in less than 10 seconds. 

(9) Engines intended for use in multi-engine rotorcraft are not required to comply with the 

medium bird ingestion potion of this section, providing that the appropriate type certificate documentation 

is so endorsed. 
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(10) Jf any engine operating limit(s) is exceeded during the initial 2 minutes without power lever 

movement, as provided by -graph (c)(7)(ii) of this section, then it shall be established that the limit 

exceedence will not result in an un&e condition. 
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Table 2 4 33.7LP 
Medium Flocking Bird Weight&Quantity R 

a;irc 

Square-meters(square-inches) 

0.05 (77.5)~ A 

.05 (77.5)s A < 0.10 (155) 

0.10 (155)s A < 0.20(3 10) 

0.40 (620)s A < 0.60 (930) 2 0.70 (1.54) 

0.60 (930)s A < 1.00 (1,550) 3 0.70 (1.54) 

1.00 (1,550)s A < 1.35 (2,092) 4 0.70 (1.54) 

1.35 (2,092)s A < 1.70 (2,635) 1 1.15 (2.53) 

5 

29 



plus 3 0.70 (1.54) 
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Table 3 ti !g 3.1 16 

u 
Additional Integrity Assessment 

square-meters(square-inches) 

1.35 (2,092)> A 

1.35 (2,092)s A < 2.90 (4,495) 

2.90 (4,495)s A < 3.90 (6,045) 

3.90 (6,045)s A 1 1.15 (2.53) 

plus 6 0.70 (1.54) 

rcuc5~’ - 
*J2M 

-+-+$&&a~ 1 
8. Section 33.77 is amaxkl @‘removing and resewing paragraphs (a) and (b) and by revising 

paragraphs (c), (d)(3) and (e) to read as follows: 

5 33.77 Foreitm Obiect Innestion - Ig 
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(c) Ingestion of ice under the conditions of paragraph (e) of this section may not- 

(1) Causeasustainedpowerorthnistloss;or 

(2) Require the engine to be shutdown. 

W l 
l * 

(3) The foreign object, or objects, stopped by the protective device will not obstruct the flow of 

induction air into the engine with a resultant sustained reduction in power or thrust greater than those 

values required by paragraph (c) of this section. 

(e) Compliance with paragraph (c) of this section must be shown by engine test under the 

following ingestion conditions: 

(1) Ice quantity will be the maximum accumulation on a typical inlet cowl and engine face 

resulting from a 2-minute delay in actuating the anti-icing system; or a slab of ice which is comparable in 

weight or thickness for that size engine. 

(2) The ingestion velocity will simulate ice being sucked into the engine inlet. 

(3) Engine operation will be Marcimum Cruise power or thrust. 

(4) The in@on will simulate a continuous maximum icing encounter at 

25 &grcuFahm&tit 
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